In this paper the results of the structural and magnetic properties for bulk amorphous alloys Fe 65 Co 10 Y 5 B 20 and Fe 63 Co 10 Y 7 B 20 were presented. For the structural investigation was performed by X-ray diffractometry and Mossbauer spectroscopy. It was found that investigated samples were amorphous in the as-cast state. The magnetisation was measured within magnetic fields ranging from 0 to 2T using a vibrating sample magnetometer (VSM). On the basis of the hysteresis loops, the saturation magnetization value and the coercive field were determined.The investigation of the 'magnetisation in the area close to ferromagnetic saturation' showed that the magnetisation process in strong magnetic fields is connected with point defects and Holstein-Primakoff paraprocess. Analysis of the high-field magnetization curves has facilitated the calculation of the spin wave stiffness parameter.
The functional materials, constituted by amorphous and nanocrystalline alloys, characterised with unique magnetic properties which result in the first place from their structure [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The structure of amorphous alloys is formed already in the process of their production [13] [14] [15] [16] [17] [18] [19] . Structural relaxations taking place during the production of amorphous alloys occur due to small displacements of atoms. They can accompany either the displacement of a single atom or a number of atoms, or the collective movement of a large quantity of atoms [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] .
Structural relaxations are microscopic processes which lead to the change of both the structure and some macroscopic properties of amorphous materials. A proper tool to examine changes in an amorphous structure is Mossbauer spectroscopy. Structural relaxations can also be investigated by measuring magnetic properties of amorphous materials. One of the possible methods is the measurement of magnetization in high magnetic fields.
In strong magnetic fields, within the region known as the approach to the ferromagnetic saturation, the specimen does not reach the full saturation due to structural defects. These defects are sources of short-range stresses and as a result of magneto-elastic interaction between them and magnetization occurs a non-collinear magnetic structure. Magnetization (M) of an amorphous alloys in a strong magnetic field (H) can be described by the equation [37] [38] [39] : (1) where:
M s -saturation magnetization; a n/2 , b coefficients; χ -magnetic susceptibility; µ o -magnetic permeability of the vacuum; a n/2 / µ o H n/2 -the term expressing the influence of structural defects;
χµ o H-the term resulting from paramagnetism of electron band and diamagnetism of complete atomic shells;
1/2 -expression-determining an increase in magnetization due to damping of the spin-waves by the magnetic field.
The term a 1/2 /(µ o H) 1/2 is related with the point defects, and described as follows: (2) where:
A ex -exchange constant; ν -Poisson's ratio; G -shear modulus, λ s -saturation magnetostriction; ∆V additional specimen volume related to point defects, N -volume density of point defects.
The terms a 1 / µ o H and a 2 / (µ o H) 2 are related to the linear defects. When the dominant role plays the term a 1 / µ o H equation (1) takes the form of the second law of approach to the ferromagnetic saturation: (3) If the term a 2 / (µ o H) 2 is dominant, it can be expressed by the equation: (4) Then the form of the equation (1) comes down to the third law of approach to the ferromagnetic saturation.
For high values of magnetic fields, above the range where the relationships involving the influence of structural defects are valid, a further slight increase in magnetization proceeds according to the term b(µ o H) 1/2 , describing the Holstein-Primakoff paraprocess [40, 41] .
Coefficient b is related to the spin-wave stiffness parameter D sp by the formula [42, 43] : (5) where:
g -Lande splitting factor; µ B -Bohr magneton. The aim of the work was to examine the structure and magnetic properties of the bulk Fe 63 Co 10 Y 7 B 20 and Fe 65 Co 10 Y 5 B 20 alloys, and in particular to determine the type of structural defects found in the tested materials.
Computational details
The samples used in the investigations were made using high purity elements: Fe-99.99%, Co-99.98%, and Y-99.98%. The element boron was added in the form of Fe 45.4 B 54.6 alloy. The samples were produced in the form of rods, of diameter 1 mm and length 1 cm, using a injection casting method.
The materials structures were investigated using X-ray diffractometry and Mossbauer spectroscopy. XRD patterns and Mossbauer spectra were recorded for powdered test samples, since this allows the gathering of information about the under lying structure of the entire alloy volume. The BRUKER X-ray diffractometer was equipped with a lamp with a cobalt source. Investigations were carried out over the 2Θ range from 30 to 120°, with a measurement step of 0.02 ° and the time per step of 5 s. The transmission Mössbauer spectra were measured at room temperature using conventional Mossbauer spectrometer working at a constant acceleration with a 57 Co(Rh) radioactive source of the 70 mCi in activity.
Measurement of magnetization as a function of magnetic field induction in strong magnetic fields was done using a vibration magnetometer (LAKE SHORE model 7301) in the range of 0 to 2 T. From the analysis of the static hysteresis loops, parameters such as the saturation magnetization and the coercivity were found. The results of the magnetic investigations, carried out in both weak and strong magnetic fields, were interpreted according to the Kronmuller theorem. This allowed for verification of the under lying microstructure of the alloys.
Results and discussions
X-ray diffraction images for the investigated samples in the as-quenched state are presented in figure 1. materials. From the Mossbauer spectra of the amorphous samples the hyperfineubartsch method ( fig. 3) [46, 47] . Fig. 1 . X-ray patterns obtained for examined materials [44] The resulting X-ray diffraction images are characteristic of amorphous materials. They show a wide maximum occurring at the angle of 2Θ ≈ 44°, which is characteristic of the amorphous structure.
Amorphicity of the tested alloys confirmed the results of the Mossbauer research. Figure 2 shows the Mossbauer transmission spectra recorded for the tested alloys.
The Mossbauer transmission spectra of the examined specimens consist of broad asymmetric overlapping lines, what is typical for spectra achieved for amorphous of the bulk amorphous alloys [45] In the hyperfine field distribution P(B) obtained from these spectra one can distinguish at least two components related to the regions with the different iron concentration. Based on numerical calculations based on hyperfine field distributions, it was found that the value of the mean hyperfine box index for investigated alloys is equal to: 22.79 T for Fe 65 Co 10 Y 5 B 20 and 22.08 T for Fe 63 Co 10 Y 7 B 20 , respectively. The mean value of the hyperfine field induction decreases with Y concentration because the magnetic structure becomes more and more non-collinear due to the exchange interaction fluctuations in the magnitude and sign [48, 49] . Figure 4 shows the static magnetic hysteresis loops measured for tested alloys. Magnetic examinations were performed by means of a vibrating sample magnetometer and revealed that static hysteresis loop recorded for the examined specimens had typical shapes found for magnetic materials of the so-called soft magnetic properties [50, 51] . The measurements were a basis for determination of the saturation magnetization and the coercive field values (table 1) The analysis of the high-field magnetization curves in the Holstein-Primakoff paraprocess range enabled determination of the spin wave stiffness parameter D sp [41] [42] [43] [44] . The value of this parameter is similar for a both investigated alloys. 
Conclusions
Investigated alloys obtained by the injection casting method are fully amorphous. However, they are not homogeneous and in the hyperfine field distributions at least two components corresponding to the regions with different iron concentration can be distinguished. The average magnetic hyperfine field induction decreases with Y content.
On the basis of virgin magnetisation curve analysis, the type of structural defects occurring in the investigated samples were determined. In the case of both alloys the point-like defects influence the magnetization in high magnetic fields. In the magnetic field µ 0 H>0.72 T and 
